Assessing a child’s appetite could help prevent obesity by Syrad, H et al.
Assessing a child’s appetite could help to prevent obesity 
Childhood obesity: prevalence and diagnosis 
Obesity is a condition of excess body fat accumulation that affects health.  Body-mass index 
(BMI), a ratio of weight to the square of height (calculated using the equation: weight 
(kg)/height (m)²), is the most commonly used index of body fat in both adults and children. 
There are internationally recognised cut-off values to categorise adults as overweight 
(BMI>25kg/m²) and obese (BMI>30kg/m²). For children, defining overweight and obesity is 
more complex because BMI varies with development (age), sex and ethnicity. This means 
that the adult cut-offs cannot be used. Instead, age- sex- and population-specific cut-offs are 
applied, using reference data. In the UK, children’s BMI values are compared to population 
reference data for children of the same age and sex from 1990 (UK90).1 A child is usually 
defined as overweight if they have a BMI at or above the 91st centile relative to the 
population reference data; and obese if their BMI is at or above the 98th centile.2 Other 
countries, such as the United States,3 have their own BMI-for-age reference standards. An 
international reference, produced by the International Obesity Task Force (IOTF), has been 
developed using data from children in the US, UK, Hong Kong, the Netherlands, Singapore 
and Brazil.4 This can be used to compare the prevalence of childhood overweight and 
obesity across difference countries. 
 
Childhood obesity affects 10% of children worldwide and the prevalence has over the past 
thirty years has doubled or trebled in almost all industrialised countries.5,6 In the UK, rates 
appear to be levelling off, but the prevalence remains too high. Data from the UK National 
Child Measurement Programme show that 1 in 5 children aged 4-5 years are overweight or 
obese when they start Primary School; and the proportion rises to 1 in 3 children aged 10-11 
years  at the end of Primary School.7  
 
Health consequences of obesity in childhood 
Obesity in childhood is associated with a wide-range of health complications. Children are at 
increased risk of cardiovascular conditions such as hypertension during childhood, as well as 
psychological ill health.8 Obesity has also been associated with asthma in childhood, with 
overweight and obese children at a 40-50% increased risk than normal weight children.9,10 
Obesity in childhood tracks into adulthood, with obese children and adolescents 
approximately five times more likely to be obese in adulthood than those who are not 
obese.11 Childhood obesity also predicts obesity-related morbidities in adulthood, including 
coronary heart disease, type II diabetes, and a range of cancers.12,13 In addition to the 
personal costs of obesity, there are huge economic costs to society. Obesity and obesity-
related conditions cost the NHS over £5 billion per year.14  
 
Risk factors for childhood obesity 
Differences in child BMI are strongly influenced by genetic variation, with heritability 
estimates from twin studies averaging more than 50%.15–17 Environmental changes over the 
past 30 years, such as the increased availability of cheap, palatable food, and advances in 
technology which have reduced physical activity demands, have also played an important 
role in the large increase in obesity prevalence.18 Interestingly though, not everyone in the 
population has gained weight in response to the changing environment.  In fact, individuals 
with the highest BMI have shown the largest increases in weight, so whereas thinner people 
have tended to remain thin, fatter people have become considerably fatter.19 This 
observation has led researchers to hypothesise that those individuals who are at the highest 
genetic risk of obesity have gained the most weight, suggesting gene-environment 
interactions in the determination of weight. The implications of which being that more 
personalised intervention may be required. 
 
 
The role of appetite in paediatric weight gain 
The Behavioural Susceptibility Model of obesity proposes that the basis for a gene-
environment interaction is that ‘obesity genes’ are influencing weight, at least partly 
through an appetitive pathway. In particular, individuals that inherit a set of genes that 
confer greater responsiveness to external food cues (wanting to eat when you see, smell or 
taste palatable food), and lower sensitivity to satiety (‘fullness’) are more likely to overeat in 
response to the current ‘obesogenic’ environment, and to become obese.20 It is now well-
established that children who react more strongly to appetising food than other children are 
more likely to be overweight, and prospective data have shown that questionnaire based 
measures of higher food responsiveness in infancy drives weight gain over time, suggesting 
a causal role for this trait in the development of overweight.21,22 A large body of research 
also indicates that overweight children tend to show blunted sensitivity to ‘fullness’ 
compared with normal weight children, and prospective data have also shown that taking 
longer to feel full predicts weight gain over time; again, suggesting a causal role for lower 
satiety sensitivity in the development of overweight.21,22 In support of the Behavioural 
Susceptibility Model, these appetitive traits have been shown to have a strong genetic basis 
in both infancy23 and childhood24 with heritability estimates as high as 62%; supporting an 
appetitive pathway for ‘obesity genes’. 
 
Although it is now well-established that greater food cue responsiveness and lower satiety 
sensitivity confer greater risk of obesity, until recently it has not been clear how these 
appetitive traits lead to overeating, in an everyday context. However, a recent study 
characterised the everyday eating patterns of a large sample (n=2203) of British toddlers (21 
months), from the Gemini twin birth cohort. Parents completed a questionnaire about how 
food responsive and satiety sensitive their children were. Questions such as "My child is 
always asking for food" assessed food responsiveness, with scores ranging from 1 (least 
food responsive) to 5 (most food responsive). Questions such as "My child gets full up 
easily" assessed satiety sensitivity and scores ranged from 1 (least satiety sensitive) to 5 
(most satiety sensitive). Parents also completed food and drink diaries over three days for 
each child. Information from the food diaries was used to calculate each child’s average 
number of eating occasions (meals and snacks) in order to determine how often they ate, 
and the average amount of calories eaten at each eating occasion, per day, to determine 
how much they ate. The study found that children who are less sensitive to fullness 
consume more each time they eat (Figure 1), and children who are more responsive to food 
cues eat more frequently i.e. more times per week (Figure 2).  
 
The findings suggest that both food responsiveness and satiety sensitivity may lead to 
overeating, but importantly, they appear to do it in different ways - one via how often 
children eat, and the other via how much they eat. It therefore seems that different aspects 
of appetite drive eating patterns in early life and these eating patterns potentially explain 
how some children end up gaining weight via different pathways. This has important 
implications for approaches to prevention and treatment, and highlights the potential of 
targeted interventions based on the behaviours that characterise these appetitive traits.  
 
In the modern environment food is abundant, cheap, easily accessible and widely 
advertised; so children who are highly responsive to food have many opportunities to act on 
their urges to eat. At the same time, if a child takes longer to feel full, or is less sensitive to 
fullness signals, they are likely to eat more at a meal in order to feel satisfied. This is 
contrary to the widely held belief that young children have an innate ability to regulate their 
appetite – i.e. that a large meal would be compensated for by a smaller meal at the next 
meal time, or that a day with many meals would be followed by a day with fewer meals. In 
fact, some children seem to be better at regulating their food intake than others. Food 
responsive children eat more frequently but do not reduce the amount of food they 
consume each time, and children with poor satiety responsiveness consume more food each 
time they eat, but do not eat less often to compensate for it.  
 
Figure 1 illustrates the difference in energy intake per meal/snack for children scoring high 
(5/5) and low (1/5) on satiety sensitivity; children with poorer satiety sensitivity consumed 
more calories each time they ate. It is therefore possible to see how children with less 
sensitivity to fullness might end up overeating and gaining excess weight; they do not 
compensate for eating large amounts by eating less often. 
Figure 2 illustrates the difference in eating frequency for children scoring high (5) and low 
(1) on food responsiveness. Children with high food responsiveness eat more frequently and 
as this increase in eating frequency is not compensated for by eating less each time, they 
could potentially end up overeating and gaining excess weight. 
 
 
Figure 1. Average kJs consumed per eating occasion for children with the lowest satiety sensitivity 
score, as measured with the Child Eating Behaviour Questionnaire (score of 1) compared to those 
with the highest score (score of 5). The food images have been obtained from the Preschool Food 
Atlas.25 The Atlas provides a range of age appropriate portion sizes to estimate food served and food 
leftover to children aged 1.5 to 4 years of age. The photo for the lowest satiety sensitivity score 
represents 18g of cheese (306 kJ), and the photo for the highest satiety sensitivity score represents 
9g of cheese (149kJ), thus the difference in kJ between the two photos is 157kJ. 
 
 
Figure 2. Average number of eating occasions per week for children with the lowest food responsiveness score, as measured with the Child Eating 
Behaviour Questionnaire (score of 1) compared to those with the lowest score (score of 5). Those with the highest food responsiveness scores consumed on 
average 3 meals more per week. 
 Preventing childhood obesity 
Once weight is gained it is difficult to lose; the likelihood of an obese individual ever 
achieving a healthy weight is very low.26 Given that 1 in 5 children are already overweight by 
the time they enter primary school at 4-5 years old, prevention in early life is crucial. In the 
current environment, a higher proportion of children are now overweight or obese, 
compared with previous years.27,28This may be one of the reasons why parents do not 
recognise overweight or obesity in their children, even when they are provided with 
information about their child’s weight status.29  
 
There are a number of government initiatives specifically targeting schools and school 
children. The Healthy Schools Programme30 aims to increase awareness of the opportunities 
that exist in schools for improving health. A fundamental part of the Programme is the 
National Healthy School Standard, a national guidance and accreditation process to support 
the development of healthy schools through local educational and health partnerships.31 
The UK National Child Measurement Programme measures the heights and weights of all 
children in the first (4-5 years) and last (10-11 years) years of primary school, and provides 
feedback to parents of children classified as overweight or obese as a means of promoting 
change. However, many parents are unconvinced, and maintain that their child is 
‘healthy’.32 It is crucial for parents to recognise overweight and obesity as a first step 
towards behaviour change.33 Primary and community health professionals, including GPs, 
practice nurses, dieticians, health visitors and school nurses also have an important role in 
helping parents in recognising and managing childhood obesity.  
 
What can GPs do? 
Health professionals, and in particular, General Practitioners (GPs) have a key role to play in 
recognising and managing childhood obesity; but research has shown that they have 
difficulty assessing a child’s weight status by sight.34 It is therefore important that there is a 
structure in place within primary care teams to weigh and measure children, and use growth 
charts to determine if a child is overweight or obese (and not simply rely on judgement by 
sight). There are guidelines available to health professionals on the weight management of 
children and adolescents in primary care35. However, whilst many GPs feel it is their role to 
raise the issue of a child’s weight, they are often reluctant to weigh children or speak to 
parents about child weight, for fear of causing distress to parents and children.36 It is 
important that GPs feel confident in broaching the subject with parents and children. One 
way in which this could be achieved is if it became routine for all children to be weighed 
during GP appointments, however an important consideration is that GPs’ time is limited. 
Other health professionals such as school nurses could potentially take on some of the 
responsibility for monitoring children’s weight. It might also be useful to ensure health 
professionals have access to advice on how to talk to parents about childhood weight, for 
example rather than focusing on weight and encouraging dieting or weight loss, framing it 
to be about health and the benefits of healthy eating and exercise. 
 
Targeting eating behaviours 
Evidence that genetic risk for obesity operates through appetitive mechanisms suggests that 
behavioural interventions that target over-responsiveness to food cues and low sensitivity 
to satiety might provide effective means for preventing and managing childhood 
overweight.  Strategies such as careful portion control and slow eating are already used to 
circumvent poor satiety sensitivity, and there may be other opportunities to blunt 
responsiveness to food cues, such as attention control or self-regulation training.  
 
However, determining appropriate portion sizes for young children is not straightforward. 
Currently there is very little guidance on appropriate portion sizes for toddlers, and feeding 
frequency. The Infant and Toddler Forum37 has developed recommendations on eating 
frequency and portion sizes for children aged one to four years, but these recommendations 
are averages and are based on the idea that that individual children have the ability to 
adjust their intake according to their energy needs. However, our research38 suggests that 
children with poorer satiety sensitivity and increased food responsiveness are unable to self-
regulate their intake, and are at risk of overeating. Parents may benefit from information 
about the behaviours that predispose children to overweight, so that they might put 
strategies in place to manage them.  
 
Child feeding guidance for parents 
Reducing young children’s portion sizes or the number of meals and snacks that are offered 
might provide a means for limiting excessive weight gain for children at greater risk of 
obesity. If a child is food responsive, parents might benefit from advice and guidance from 
health professionals on how to reduce the number of times per day their child eats; or be 
provided with suggestions for ‘healthier’ snacks that are low in energy density and unlikely 
to contribute to excessive energy intake. Whereas a parent whose child does not seem to 
have good sensitivity to satiety (no ’off switch’ once they have started eating), might need 
specific advice on limiting portion sizes, and having a ‘no second helpings’ policy. It has been 
suggested that tackling portion sizes at a policy level, for example reducing portion sizes in 
restaurants, is key to reducing obesity levels.39 Indeed, these changes are important for 
tackling obesity at a population level, but they do not target individuals or address the gene-
environment interactions at play. There are individual differences in eating behaviour; 
personalised guidance is therefore needed for families. For example, discussions around 
appropriate portion sizes and snacking behaviour might benefit parents of young children 
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